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Abstract: SUPREME, a very articulated project still in progress financed by the Italian Universities and
Research Ministry, concerns an integrated decision support system finalized to catastrophic events forecast
and to prevent and mitigate flooding and air pollution effects on monumental stones. This paper focuses on
the aerosols deposition tool. The new box model AERBOX simulates the whole life cycle of aerosols and
the consequent urban pollution impact due to the flux of particulate matter deposition. Applied on the
monumental area of Florence basin, AERBOX models the industrial and mobile sources of the 50 km x 50
km surrounding area induced pollution, and estimates the aerosol deposition on a user chosen grid.
AERBOX takes into account all the relevant chemical and physical processes involved. Concentration of 52
species of gaseous pollutants and deposition rates of 10 of them and 14 species of particulate pollutants are
calculated on hourly basis. The time and chemical profiles of the emissions have been adapted to the
Florentine region from the reference profiles given by both California Air Resource Board and EPA. The
input data have been interfaced to the model with a user-friendly graphical pre-processor. AERBOX
calculates concentrations and deposition fluxes in typical summer and winter seasons and it estimates the
effects of cumulated deposition on the monuments. Coupled with a post processor visualisation tool, this
system can be seen as an useful tool in urban air pollution management and monitoring. Both the preprocessor and the post-processor have been developed by AVS/Express.
Keywords: Modelling, Emission sources, Emission speciation, Particle deposition, Management support
1.

aerosol deposition problem. An integrated Expert
System (ES) is finally the comprehensive aim of
the project.

INTRODUCTION

SUPREME (Decisional Support System to
Prevent Catastrophic Events and Mitigate
Pernicious Effects on Places of Environmental and
Cultural Interest) is a very articulated project, still
in progress, financed by the Italian Universities
and Research Ministry (MURST) whose aim is to
realize an integrated decision support system
finalized to catastrophic events forecasting
managing and mitigation. Starting from the
atmospheric situation analysis, Supreme
can
forecast two important causes of damage for
cultural Italian sites rivers flooding episodes and
air pollution effects on monumental stones, with
particular interest on aerosol deposition. The tool
has been divided into two parts, one referring to
the river flooding problem, the second to the
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This paper describes the particle deposition flux
tool of the SUPREME project. The box model
AERBOX together with the user interface and the
visualisation tools are described. The database, the
mathematical model the ES run on a LINUX
server and are accessible by users by the preprocessing interface and the post-processing
visualisation tool, which run on a Windows client,
both under AVS/Express. The first case study,
intended to be centred on the city of Florence, is
still in progress, but the general scheme of the tool,
including the box model, the treatment of the
gaseous and particulate emissions and the user
interfaces are clearly defined.

2.

THE AERBOX MODEL

2. 1 Model Description
The multi-layer box model AERBOX is the
physical and chemical core of the part of the
SUPREME project dealing with particulate
pollutants deposition on the monumental stones.
The model calculates the concentrations and the
deposition rates of around 40 gaseous pollutant
classes and the concentrations and the deposition
rates of particulate suspended matter.
2.1.1 Space structure
In a multi-layer box model
approximated as horizontally
only a vertical separation in
introduced. Figure 1 shows
considered in AERBOX.

the atmosphere is
homogeneous and
different layers is
the vertical layers

The total mass of a gaseous pollutant contained in
each layer can changes because of many physical
and chemical processes. AERBOX takes into
account the most important ones, namely the
emission, the horizontal advection inside or
outside the domain, the vertical dispersion caused
by the atmospheric turbulence, the deposition on
the soil, the condensation of gaseous pollutants
into liquid aerosol droplets. As far as aerosols are
concerned , AERBOX takes into account the same
horizontal and vertical transport processes together
with specific chemical and physical processes.
Some of these processes, as for example
coagulation, involve the aerosols alone, whereas
some others, as nucleation, lead to an exchange of
mass between the pollutants in the gaseous phase
and pollutants in the aerosol phase.
2.1.3 Chemical reactions
AERBOX can model the chemical reactions
between gaseous phase pollutants through the
condensed mechanism SAPRC90 (Carter, 1990).
As far as Volatile Organic Compounds (VOC) are
concerned, the model implements the COND2243
lumping method based on the reactivity of the
compounds with the OH radical.
The present version of AERBOX does not take
into account the aqueous phase chemical reactions
inside the aerosol droplets.
2.1.4 Aerosol

Figure 1. Layers of atmosphere in AERBOX

The concentration of the pollutants and all the
other physical parameters of the model, as for
example, temperature, humidity, wind speed and
direction, are constant inside each layer.
The height of the canopy layer is fixed around 50
meters, whereas the height of the mixing layer
changes during the day and in dependence of the
meteorological and turbulence conditions.
The deposition processes for both particulate and
gaseous pollutants involves the lower canopy
layer. The emissions sources release the pollutants
in the canopy layer itself or in the mixing layer.
The residual layer can be an important reservoir of
pollutants, entering the mixing layer through the
entrainment mechanism.

The accurate description of aerosols is a strong
point of AERBOX. For every layer the size
spectrum of the particulate matter is considered,
together with its chemical composition. Up to 64
dimensional classes and 14 chemical components
(or classes of components) are considered. This
detailed knowledge of aerosols properties allows
to understand in strong detail the effects of
aerosols presence and deposition, as they are
critically different in dependence of chemical and
physical of the particles.
2.2

Data requirements

The AERBOX data requirements involve
meteorological data, soil description data (land
use) and emission data.
2.2.1

Meteorological input

As an input AERBOX needs the main
meteorological data for the zone and the time of
the simulation: temperature, relative humidity,

2.1.2 Mass conservation and mass exchange
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wind speed and direction (for every layer) and
cloud coverage. on an hourly base.
AERBOX contains a module calculating the height
of mixing layer based on the algorithms of
Zilitinkevich (1989) for the neutral and stable
cases and of Batcharova and Gryning (1991) for
unstable case.
2.2.2

Land use

As the deposition rate of aerosol is very sensible to
the features of the soil, in the frame of AERBOX it
is necessary to describe the kind of terrain through
a user-defined grid of land uses. Also if the
concentration of the pollutants is homogeneous all
over the canopy layer, the pollutants deposition
rates can vary point by point as a function of the
land use. 8 kinds of land use are processed by
AERBOX (see Figure 3).
2.2.3

Emissions

As a general rule, the good quality of the output of
an air pollution model is mostly linked to the good
quality of the input emissions.
AERBOX requires the emissions of all the gaseous
and particulate pollutants considered in the canopy
and mixing layer, with an hourly detail.

The public administrations (PA) are not expected
to have such a detailed data base, but, as a
maximum, they have been expected to compile the
usual CORINAIR emission inventories for SOx,
NOx, VOCs, CO and Total Suspended Particles
(TSP).
The pre-processor disaggregates these data until
the AERBOX required detail through a number of
assumptions, partially modifiable by an expert
user.
2.3.1 Time splitting
CORINAIR emission inventories usually give the
total yearly amount of pollutants emitted. An
algorithm of time splitting has been developed on
the basis of average emission time cycles for
industrial sources (SCC, CARB). As far as road
traffic emissions an average diurnal cycle has been
supposed on the basis of data collected in some
urban areas (Figure 2) and an average decrease of
around 20% has been stated for Sundays and
summer months.
A seasonal cycle has been supposed for heating
and for biogenic sources.
Default temporal cycles can be modified by expert
users.

1600

1400

1200

1000
Average flux

The emissions of gaseous pollutants too are
lumped following the COND2243 mechanism
whereas the particle emissions requires the same
size and chemical detail specified in paragraph
2.1.4
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2.3 Data pre-processing
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Usually, the data detail required for by
AERBOX for the emissions is not available
for the public administrations, that would be
the final user of SUPREME tool, so it has
been necessary to develop a data preprocessing module between the SUPREME
user and the AERBOX model.
Data pre-processing involves almost completely
emissions pre-processing.
As stated, AERBOX needs a detailed description
of the emissions as far as temporal cycles,
chemical speciation and size distribution (for
particulate pollutants) are concerned.
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Figure 2. Daily cycle of traffic flow (Florence
data).
2.3.2 Chemical speciation
Chemical emission profiles for industrial and
traffic sources can be extremely different for
different production sectors or vehicle fleet
composition. Averages chemical profiles for every
CORINAIR category have been proposed to the
users as a default, on the basis of a study of the
Italian industries population and of the EPA

profiles (SCC, CARB). As usual, an expert user
can personalize the chemical emission profiles.
As far as VOC are concerned, the pre-processor
includes a simplified version of PREPEMIT
program (Carter, 1990) that lumps the emitted
VOC as required by the SAPRC90 simplified
chemical mechanism
2.3.3 Particulate matter
For every CORINAIR source category a size
spectrum and a chemical composition of PTS
emitted has been proposed as a default on the basis
of a careful analysis of the literature, (Marcazzan
et al. 2001, Ruellan et al. 2001, Lenschow et al.
2001, Röösli et al. 2001) and the experience
collected by some experimental groups inside
ENEA.
The size distribution of the particulate emitted has
been supposed to be lognormal with average
diameter and amplitude reported in table 1 for 10
of the 11 CORINAIR macro-categories. Biogenic
sources have been supposed not to carry
particulate matter.

The graphical pre-processing tool assists the user
during the preparation of input data and run the
model. The preparation of input data is allowed by
the visualization of different menus, through
which data, required by the AERBOX model, can
both be read from files or, for some data, directly
edited by the user. The input data are of three
different kinds: the first describing the general
characteristics of the terrain on which the
simulation will run
(‘landuse’), the second
representing the geographical position of the place
of interest, the starting and the ending date and
time and the box model dimensions, the third
referring to the physical and chemical aspects of
the model (meteorological, emission, boundary
condition, initial condition data).
The general characteristics of the landuse can
be set from a file or modify by means of a panel
(Figure 3), which opens for the editing of landvalues. Relevant to the user is the panel capability
to show the numerical chosen land-values
according to the colormap at the bottom of the
window.

Both this suggested parameters and chemical
compositions of aerosols emitted from CORINAIR
sources can be modified by an expert user in order
to better describe the features of the sources
situated in the modelled area.
3.

USER INTERFACE TOOLS

The user interface tool has been designed in order
to hide as many computational technical details as
possible and at the same time to provide advanced
features to analyse and to test the model outcome.
It has been developed by means of AVS/Express, a
commercial visualization package, portable across
several platforms of industrial interest, that
provides the graphical primitives allowing a
sophisticated data visualization. The user interface
tools consist of a graphical environment allowing
to enter the pre-processing and post-processing
facilities as well as to run the AERBOX model.

Figure 3. Landuse input values: pre-processor
user interface window
The second kind of dataset are directly edited by
the user into panel fields and the data format is
checked, according to the model requirements.
For third kind of data, one DEFAULT or EXPERT
button allows the user to set as input specific data
files, which can be directly modify only by an
expert user.
Defined all the input data, in one dedicated
window the RUN button starts the model
simulation.

3.1

Pre-processing user interface

3.2
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Post-processing visualisation tool

The aim of the post-processing visualization tool is
to perform a detailed analysis of the data gathered
during the simulation in order to obtain
meaningful insights into simulation results. Using
this tool, a user may analyse, study and discover
useful features and numerical results that cannot
be discovered during the simulation. Its main
features can be summarized as follows:
-

to visualize deposition data sets, both hourly
recorded or cumulated during the model run
time in a 3 dimensional space, using different
geometrical modalities like orthoslices,
surface plots, isolines;

-

to rotate, to translate, to scale and to zoom the
picture;

-

to show the deposition value and the
coordinates of a single point simply clicking
on the image in the Visualization space (Probe
feature);

-

to visualize the temporal evolution of a
deposited pollutant, according to a chosen
geometrical modality, using a sequence of
snapshots taken during the simulation at
different steps (hours).

-

to follow and display how the boundary layers
high and the pollutants concentration fluctuate
during the simulation time interval.

Figure 6 and Figure 7 refer respectively to the bidimensional matrix values related to one pollutant
deposition, represented by means of one
orthoslice, and the surface plot modality, which
allows to visually appreciate the values range
variability.

Figure 5. Zoom on a orthoslice window for one
pollutant deposition

The post-processor tool starts with a
four
windows visibility modality (Figure 4), which
allows to simultaneously compare the relations
among for different parameters. The user can
zoom on one of them to better focalise one single
simulation result (Figures 5, 6).
The user can activate or deactivate each one of the
geometrical visualization modalities and the
implemented feature simply clicking on the
toggles.

Figure 6. Surf Plot of the simulated deposition
values referring to the orthoslice on Figure 6
The visualization of the temporal evolution of
pollutants deposition, using a sequence of
snapshots taken during the simulation at different
steps has been implemented too. The animation
may be performed for each one of the supplied
geometrical modality.
4.

CONCLUSIONS

The particle deposition flux tool of the SUPREME
project permits the evaluation of the deposition
fluxes of the airborne particulate matter on the
monumental stones of historic towns. The user
deals with a friendly graphic interface aimed to

Figure 4. Four windows visibility modality
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insert all the relevant data, with two possible levels
of detail, for ordinary or "expert" users.
The core of the tool consists of a dedicated box
that takes into account all the chemical and
physical processes occurring to gaseous and
particulate pollutants, together with the main
meteorological features of the atmosphere.
The user can visualize the sensible results through
different graphic solutions to obtain a visual
evaluation of the deposition fluxes on the target
zone.
This tool has been designed for public managers
and policy makers as a tool for the evaluation of
the consequences of regulatory acts, as, for
example, emissions reductions and/or traffic
limitations.
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